Background and Aims: Many methods can detect trait association with causal variants in candidate 2 genomic regions; however, a comparison of their ability to localize causal variants is lacking. We extend 3 a previous study of the detection abilities of these methods to a comparison of their localization abilities.
To select risk SNVs in the model, we randomly sampled SNVs from the middle subregion one-at-a-time, until 81 the disease prevalence was between 9.5 − 10.5% in the 1500 individuals. Our selection of risk SNVs is not 82 restricted by the minor allele frequency and therefore differs slightly from Burkett et al. [5] , which allowed 83 only SNVs with MAF < 1% to be risk SNVs. After assigning disease status to the 1500 individuals, we 84 randomly sampled 50 cases (i.e. diseased) from the affected individuals and 50 controls (i.e. non-diseased) 85 from the unaffected individuals. We then extracted the data for the variable SNVs in the resulting case-86 control sample to examine the patterns of disease association in subsequent analyses. 87 
Association analysis 88
In this section, we review the methods for association mapping that we considered. In practice, the true trees are unknown but as the data were simulated we had access to this information.
Also, the cluster statistics based on true trees represent a best case insofar as tree uncertainty is eliminated
To detect association with a given method, we used a maximum score across all the SNVs in a dataset to obtain a global test of association across the entire genomic region. In this section, we first present the summaries of our example dataset and the resulting plots from the selected 196 association methods. We then present our results from the simulation study for localizing and detecting the 197 association signal. the seventh is the most frequent, owing to the neutral random variation of the simulated trees.
208 Figure 1 compares the distribution of risk haplotypes in cases and controls. We define a risk haplotype to be 209 a haplotype that carries a risk SNV. Figure 2 shows the effect size of the polymorphic risk SNVs versus their 210 location in the risk region (panel (a)) and their age in generations, in the log-base-10 scale, respectively. c NR, the number of recombination events between the current and previous risk SNV in the sample.
Association results
212 Figure 3 shows the resulting plots for each association method using the example dataset. We first present the simulation results for localizing the association signal, followed by the results for detecting 234 the association signal. 200 simulated datasets, we considered the distance of the peak association signal from the risk region. As 238 described in the methods, if there were ties in the peak signal, we took the average distance. The figure   239 shows test performs better than all the other methods. The elastic net approach has the lowest power to detect 249 association, followed by the VT approach. under a popular and tractable model of sequence variation, the coalescent with mutation and recombination.
256
As the first step, we worked through a particular example dataset as a case study for insight into the methods. 257 We then performed a simulation study to score which method localizes the risk subregion most precisely. reconstructed partitions at the genomic position of each risk SNV. The Rand index is a measure between 0 281 and 1 reflecting the agreement of the partitions. For the ten risk SNVs labelled 1-10 in Table 1 , the Rand 282 index values based on ten clusters from each partition were 0.849, 0.814, 0.914, 0.900, 0.900, 0.900, 0.853, 283 0.885, 0.895, 0.882, respectively. These high values suggest good agreement and accuracy of reconstruction.
284
However, candidate genomic regions with lower mutation and/or higher recombination rates than the rates 285 we have used in our simulations would be expected to have less accurate reconstructions. In these cases, the 286 performance of the Mantel procedures would be expected to be poorer than shown here. The nature and 287 extent of this performance loss would be an interesting topic for future work.
288
Our simulation study also provides a comparison of the VT to the C-alpha test. Even though the effects 289 are one directional, C-alpha showed higher localization signal in the risk region than VT. Our findings for 290 localization with the VT and C-alpha tests in a diploid population are consistent with those of Burkett et al.
291
[5] for detection in a haploid population. We would in fact expect better performance of the VT test than 292 the C-alpha test since VT is for rare variants having the same direction of effect, which we simulated [14] . we could not see any improvement in localizing the association signal (results not shown).
300
In the example dataset, most risk variants were rare. Of the 10 risk SNVs that were polymorphic in the 301 sample, four were rare with MAF < 1%, five were low frequency with MAF of 1 − 5%, and one was common 302 with MAF > 5%. In addition, a majority of cases carried a single risk haplotype (see figure 1) 
